In their work, Caballero et al. (2016) assess the efficiency of circular sib mating (CM) for the genetic management of captive populations. They argue that if one adopts findings on wild populations suggesting that the number of lethal equivalents per genome (B) are at least six, CM performs poorly, and 'should be avoided because it would lead to unacceptably high extinction risk'. We agree that CM would increase extinction risk when populations harbour high inbreeding depression and/or have a low reproductive output. However, we advance three major arguments suggesting that the relevant number of lethal equivalents for population persistence should be, in many cases, significantly lower emphasizing the relevance of CM as a breeding strategy in ex situ genetic management.
1. Inbreeding depression is typically less severe under benign captive conditions than under stressful wild ones. Crnokrak and Roff (1999) reported that inbreeding depression was seven times higher in the wild than in captivity. In salmonids, egg to smolt survival is typically 85-95% in hatcheries against 1-5% in the wild (Reisenbichler et al., 2004) . Moreover, the meta-analysis of Fox and Reed (2011) revealed a strong inbreeding-environment interaction with inbreeding depression being significantly lower in relatively benign than in stressful conditions.
Recessive alleles that would be lethal in the wild when exposed in the homozygote form, such as albinism or some forms of epilepsy, may be far less detrimental to captive individuals. In these cases, the effects of close inbreeding should disappear if reintroduction is preceded by a single generation of random mating.
The authors take partially into account the relaxation of selection in captivity by assuming that selection is halved for only non-lethal mutations relatively to the wild. However, according to the evidence listed above, inbreeding depression in their simulations could be exaggerated in some cases.
Purging of inbreeding depression occurs in small populations.
Although inbreeding depression can be highly variable among populations (Boakes et al., 2007) , populations with a history of size decline or bottlenecking could conceal smaller inbreeding depression than the ancestral populations, due to previous purging (Pujol et al., 2009; Facon et al., 2011; Laws and Jamieson, 2011) . For this reason, Garcia-Dorado (2015) suggested that 'when predicting the short-term impact of inbreeding on fitness, it should be taken into account that many endangered populations may have inbreeding depression substantially smaller than B = 6'. Yet, the arguments of the authors against CM are almost solely based on the assumption of such a high number of lethal equivalents.
3. A part of inbreeding depression is due to the expression of traits that are marginally relevant to population viability, such as (i) later life-history traits (Charlesworth and Hughes, 1996; Moorad and Hall, 2009) , and (ii) traits associated to sexual selection. Mating preferences, for instance, can establish a trait even if it has negative side effects on individual survival and hence on population viability, such as extravagant male traits (Dieckmann and Ferrière, 2004) .
Although such traits are reported to show high inbreeding depression, this part of inbreeding depression has a weak influence on population dynamics and should not be included in population viability considerations. Hence, the relevant number of lethal equivalents for persistence and, therefore, the negative effects associated with CM could be in some cases considerably lower than assumed by the authors.
PERSPECTIVES
These arguments suggest that inbreeding depression relevant for the survival of captive populations may be lower than assumed by the authors. CM may, therefore, be applicable for many captive populations that are under weak selection or have a prior history of purging. In such cases, CM reaches the goals of genetic management more efficiently than methods of inbreeding avoidance or equalization of parental contributions (Theodorou and Couvet, 2010; Theodorou and Couvet, 2015) . More precisely, CM: (a) retains higher allelic diversity while it increases adaptive variation during the sojourn in captivity, (b) halves the rate of adaptation to captive conditions, and (c) hinders the accumulation of deleterious alleles.
Finally, an additional argument concerns the consistency of the mutation model chosen. Mutation-accumulation experiments yield contrasting results considering either (i) few mutations (λ = 0.01-0.03) of large average detrimental effect, s ¼ 0:1 À 0:2 and low dominance, h ¼ 0:1 À 0:2, or (ii) frequent mutations with small average effect and higher dominance, λ = 0.5-1, s ¼ 0:02 À 0:05, h ¼ 0:3 À 0:4 (Perez- Figueroa et al., 2009 ). The authors mix the two contrasting models by using the dominance coefficient of the former along with the mutation rate and detrimental effect of the latter. This is problematic in two aspects: First, if the former model is fully adopted, the effect of deleterious mutations on population viability should be negligible (Fernández and Caballero, 2001) . Second, if the dominance coefficient follows the latter model, a higher mutation rate must be assumed to produce the desired number of lethal equivalents, B = 6. Such large mutation rates are suggested for long-lived organisms but rarely reported. Hence, the model of Caballero et al. (2016) is to some extent speculative and contradictory with some of the empirical facts.
Hence, CM may be adopted during the first generations in captivity, especially to preserve adaptive variation. Reversing to other strategies is possible and could be advantageous; a single generation of panmixia, for instance, can alleviate the negative fitness effects of close inbreeding (Theodorou and Couvet, 2015) with obvious implications for reintroductions. However, further investigation on the effects of combining breeding systems is needed in the light of the points emphasized by Caballero et al. (2016) .
Based on the evidence for variation in the extent of inbreeding depression and its effects on the viability of captive populations, we shouldn't rule out CM as an effective management option. Even if inbreeding depression may not pose a serious threat for some captive populations, loss of genetic diversity and adaptation to captivity will still do. Concerning the latter two goals, theory predicts that CM outperforms management options based on inbreeding avoidance. Experimental validation would help assessing the suitability of CM for captive breeding.
